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Abstract 

A new way of determining the phases of weak amplitudes in charged B 
decays based on SU(3) symmetry is proposed. The CP violating phase 7 can 
now be determined without the previous difficulty associated with electroweak 
penguins. 
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Detection of CP violation and verification of the unitarity triangle of the CKM matrix 
is a major goal of B factories |I|]. Decisive information about the origin of CP violation 
will be obtained if the three phases a = aTg{-VtdV^l/V*^Vud), P = a.Tg{-VcdV*f,/V^lVtd) and 
7 = a.Tg{—VudV*f,/V*fycd) can be independently measured experimentally 0. The sum of 
these three phases must be equal to 180° if the Standard Model with three generations 
is the model for CP violation. There have been many studies to measure these phases. 
The phase f3 can be determined unambiguously by measuring time variation asymmetry in 
B^{B^) — ^ ip^s decay rates [@]. The phase a can be measured in B^ tttt and B ^ pir 
decays [0,3. In these decays, there are contributions from the tree and the penguin (both 
strong and electroweak) amplitudes. The methods proposed in Refs. are valid even 
if the strong penguin contributions are included. The inclusion of the electroweak penguin 
contributions may contaminate the result. However, because the electroweak penguin effects 
are small in this case, the error in a determination are small. Several methods using AS" = 1 
B decays to measure the phase 7 had been proposed Most had assumed that the effects 
from electroweak penguin could be neglected. It has been recently shown by us [0] that this 
assumption is badly violated for top quark mass of order 170 GeV. For AS* = hadronic B 
decays, the strong penguin effects are much smaller than the leading tree contributions, and 
thus electroweak penguin effects which are even smaller can be safely ignored. In AS* = 1 
decays, because of the large enhancement factor l^b^^/^bKill ~ ^^e strong penguins 
dominate and the electroweak penguin effects are comparable to the tree contributions. This 
invalidates methods proposed in Refs. In this letter we give further consideration to 

measuring 7 using AS' = 1 decays, although other methods have been discussed in the 
literature 

An interesting method has recently been proposed by Hernadez, Gronau, London and 
Rosner using SU(3) relations between the decay amplitudes for B^ -k^K^ , -k^ , 
TT^K^, TC^K^, B^ n^Ti^, and Bg rj-K^ . This method requires the reconstruction of 
the quadrangle from B^ n^K^ , tt^K^, tt^K^, tt^K^ decays. In order to do so, one not 
only needs to measure all the four B ttK decay amplitude but also needs to measure the 
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rare decay amplitude Bg — > rjir'^. It has been shown that this last decay is a pure AI = 1 
transition, with the dominant contribution from the electroweak penguin. However, the 



branching ratio is extremely small 0(10 ) ||T0[. In this letter we propose a new method to 



measure 7 using AS = 1 decays 71^ K^, tt^K', rjK' , and the AS* = decay B^ — »• 

71^71^, which relies on SU(3) symmetry. This method is free from the electroweak penguin 
contamination problem, and further, all decays involved have relatively large (0(10^^)) 
branching ratios. More importantly these measurements can in principle be carried out at 
present facihties like CLEO or CDF/DO. 

In the SM the most general effective Hamiltonian for hadronic B decyas can be written 
as follows: 



H^^^^ = ^ K,v:^{c,ot + coi) - y: vt,v:^c,oi] +h.c., (i) 

i=3 

where the Of are defined as 

Of = qal^l{l - 'j5)uf3Up'j^{l - 75)&a , 01 = g7^(l - 75)mm7''(1 - 75)6 , 

^3,5 = ^7m(1 -75)&g'7M(lT75)g' , 0^,6 = ^a7/.(l -75)&/3g^7M(l T75)gl , (2) 

3 3 
^7,9 = 2^7i^i^ - 75)&eg'^V(l ± l5)q' , O^io = -Qalf^il - lb)bpeq,q'p-i^{l ± 75)?^ , 

Here q' is summed over u, d, and s. For AS* = processes, q = d, and for AS = 1 processes, 
q = s. O2, Oi are the tree level and QCD corrected operators. Oa-e are the strong gluon 
induced penguin operators, and operators Oy.io are due to 7 and Z exchange, and the "box" 
diagrams at one loop level (electroweak penguin). The Wilson coefficients Cj are defined at 
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the scale of /i ~ m^, which have been evaluated to the next-to-leading order in QCD [jTT 
In the above we have neglected small contributions from u and c quark loop contributions 
proportional to VubV*^. 

We can parametrise the decay amplitude of B as 

A =< final state\Hlff\B >= VubV:gT{q) + VtbV;gP{q) , (3) 

where T{q) contains the tree contribution, while P{q) contains penguin contributions. SU(3) 
symmetry will lead to specific relations among B decay amplitudes. 



SU(3) relations for B decays have been studied by several authors ||T2| , [T3| . We will follow 
the notation used in Ref. |jl3[|. The operators Qi,2, O^^q, and Oj^iq transform under SU(3) 
symmetry as 3a + 3;, + 6 + 15, 3, and 3a + 3;, + 6 + 15, respectively. In general, we can write 
the SU(3) invariant amplitude for B to two octet pseudoscalar mesons in the following form 

T = Al^B.HiSYiM^Mi) + Cf^^B^MlM^HiSy 
+ Al~^B,H{QriM]Mf + Cl)B,M;H{6)i'Mi 

+ Al,^B,H{\EriM]M^ + Cl,^BM,H{TbtMi , (4) 

where Bi = {B^,B^,Bg) is a SU(3) triplet, M/ is the SU(3) pseudoscalar octet, and the 
matrices H represent the transformation properties of the operators Oi_io. H{6) is a traceless 
tensor that is antisymmetric on its upper indices, and (15) is also a traceless tensor but is 
symmetric on its upper indices. For q = d, the non-zero entries of the H matrices are given 
by 

H{T5)l' = H{T5)l' = 3 , H{T5)f = -2 , H{T5)f = H{T5)f = -1 . (5) 
For q = s, the non-zero entries are 

H(15)l' = H(15)l' = 3 , H(T5)f = -2 , H(15)f = H{\E)f = -1 . (6) 



In terms of the SU(3) invariant amplitudes, the decay amplitudes T(7r7r), T{nK) for B 







TTTT, B^ ttK are given by 



T(7r = eg) + Afe) - Cj) + SA^-^ - , 



(7) 



We also have similar relations for the amplitude P{q)- The corresponding SU(3) invariant 
amplitudes will be denoted by A[ and Cf. It is easy to obtain the following triangle relation 
from above: 

V2A{'K^K-) - 2A{n-K^) = VQA{r]8K~) . (8) 

For the moment if we ingnore rj — rj' mixing, it is clear that we can construct this triangle 
from the experimentally measured rates for the various B~ decays. A similar triangle can 
also be constructed for the modes of decay: 

\/2A(7r°ir+) - 2v4(7r+ir°) = V6A{rjsK+) . (9) 

We shall now use a hypothesis that the tree contribution to the mode B~ 7t~K^ is 
negligible . This is varified in factorization approximation and had been assumed by Ref . 



]. Further, if we work in Wolfenstein parametrization of the CKM matrix, the amplitude 
A{'K~K^) contains no weak phase. Then 

A(7r-K°) = A(7r+ir°) . (10) 

We can now obtain the magnitude and relative phases of A{TT^{ris)K^) and A{TT^{riQ)K^) 
subject to two fold ambiguities related to whether the triangles for the B~ and B~^ decays 
are on the same side (solution a) or opposite side (solution b) of A{7t~K^) as shown in Figure 
1. 

Now we construct two complex quantities (shown in Figure 1) 

B = V2A{n'K-) - A{7r-K') = SdK.K^Je-^Cf. + | WJCfj . (11) 



and 



B = V2Ai7c'K^) - A(vr+ir°) = 8i\V^,V:y'^Cl + \Vt,VZ\C{,) . (12) 



Then 



B~B = -zielKfeKTslCfsSinT ■ (13) 



To determine sin7, we need a way of measuring C^. We achieve this by relating Cj^ to 
the amphtude A^n'^n^) for tt^tt^. In the SU(3) hmit this decay amphtude is given 

by 

M^'^') = ^i\Vu,V:,\e~^^Cl + \V,,V;,\Ci) . (14) 

Here the penguin contribution arises from the electroweak penguin only, and contributes 
less than 4% [0. We therefore obtain 

B-B = -t2V2e^T,pd\A{7i-7i'')\sm^ , (15) 

\Vud\ 

where is the strong final state rescattering phase of Cj^. Thus the magnitude oi B — B 
can be used to determine sin7. The phase oi B — B gives us information of strong phase 

relative to the strong phase of A{'k~K^). The two solutions for B — B m Figure 1 
corresponding to a smaller value (solution {B — B)a) and a larger value (solution {B — B)b) 
for sin7. The larger value is likely to be ruled out because the resulting sin7 may very well 
exceed unity. 

Similarly, one can use the combination 

B = V2A{7r'K-) + VQA{7^sK-) = 16{K,V:,\e-^^Cl + \Vt,V*\CQ ; 

B = V2A{7r'^K+) + V6A{7^sK+) = 16{\V^,V:,\e^^ + \V,,V:,\C(,) , (16) 

to determine 7. In this case we have 

B-~B = -iAV2e'^T,pA\A{'K-Ti'')\?>m-f , (17) 

\Vud\ 

The results obtained hold in the exact SU(3) limit. SU(3) breaking effects in several 
ways will affect the above relations. These include t] — rj' mixing effect, the breaking effects 
in form factors and mass differences. Due to the 77 — 77' mixing effect to determine Alrj^K'), 
we need to determine the decay amplitudes A{riK~) and A{r]'K~). These amplitudes can 
be obtained from experiments. We can then construct 

A{r]sK-) = coseA{T]K~) + smeA{r]'K-) , (18) 



where 9 ~ 20° [0 is the rj — rj' mixing angle. In principle we need to know the relative phase 
of A{r]'K~) and A{riK^). Since sin^ is small, this phase is important only if A{ri'K~) is much 
larger than A{riK~). There are no reliable methods to evaluate the form factors at present. 
A factorization approximation calculation indicates that the large part of the effect is due 
to different decay constants and can be corrected by changing A{n^n'^) to {fK/fTT)A{n^n^) 
in eqs.(15,16,17), and A{r]sK-) to {Jk/ fr,)A{'n^K~) in eqs. (8,9,16) 0. 

A similar analysis can be carried out for p^K*~ ,p~K*^ ,ujK*~, and B~ p^p~- 

where SU(3) relations are expected to hold also. In this case, a; — mixing is "ideal" mixing 
with (f) a pure ss state. 

One might think the same analysis can be identically applied to B~ 
p-K° ,p°K- ,ujK- and B' p-n^, or B' tt-R*^ ,tt°K*- ,r]K*- and B' n-p^, 
seperately. In each of the above two cases, there is similar triangle relations analogous to 
eq.(8) among the first three decay amplitudes. However, similar relations to eq.(15,17) are 
no longer valid. This is because in this case there is no bose statistics. There are two ways 
of writing SU(3) invariant relations, for example, for H^, we can write 

H^ff = CyB.VlMiHl + Ci'B,MiVlHl , (19) 

where VJ is the octet-vector meson. If = C^^ one would have the desired relations. 
However, there is no reasons for and C^^ to be equal. Similarly for other SU(3) invariant 
amplitudes. Because of lack of this equality, similar relations to eqs. (15,17) do not exist. 

In conclusion we have proposed a new method to determine the phase 7 which is free from 
contamination by electroweak penguin contributions. All decays involved have branching 
ratios of order 10~^, and are in principle measurable at existing or future B facilities. 
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FIGURES 




FIG. 1. The triangle relations and the two solutions a and b for B — B. Lines A, 1, 2, 3, 4 are 
the amplitudes A{tt~K^), \/2A{'k^ K^)^ ^/QA{r]^K^)^ B and respectively. The dashed lines are 
for the corresponding anti-B decay amplitudes. 
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